In July 2002 a 3D multi-component survey was recorded on a North Sea field as part of the DEMO 2000 sponsored IMPREDO project. The recording systems deployed were autonomous nodes: the result of over 5 years of research, development and testing of 4C systems. The PP dataset has been successfully processed with full 3D pre-stack time migration.
Introduction
For DEMO 2000 a consortia comprising of SeaBed Geophysical, SINTEF, Statoil, Norsk Hydro and TotalFinaElf submitted a proposal entitled IMPREDO or "improved prediction and delineation of hydrocarbon filled reservoir zones using high-quality four-component seismic data acquired in 3D at the seabed". In July 2002 the consortia had an opportunity to record data on the Volve field during a conventional OBC survey. This was the first opportunity to deploy the node system in a fullscale offshore test and prove the reliability and capability of the system to acquire high quality, high vector-fidelity seismic data.
The field chosen for the project, Volve, is located in Block 15/9 west of Haugesund, Norway, and the water depth is between 80 m and 90 m. To cover the area of interest a total of 128 units were deployed in a 400m grid covering an area 6 km by 2.8 km. The shooting grid of the conventional OBC survey required 6 overlapping swaths providing narrow azimuth data whereas the same shots used in this survey provide wider cross-line offsets due to a larger active receiver area.
Evaluation and impact of sparse-grid, wide-azimuth 4C-3D node data from the North Sea The node recording system used is an autonomous ocean bottom seismic (OBS) concept which is cost effective, flexible and provides higher data-quality than existing systems. Each of the nodes consists of three geophones and one hydrophone and is positioned accurately and then planted in the seabed by an ROV (Remotely Operated Vehicle). During this operation tilt and direction are monitored. Two main aims of the project were to acquire data with the nodes and to perform "production" 4C processing based on existing methodology. A full 3D Kirchhoff prestack time migration approach was chosen for the latter.
4C-3D acquisition with sparse grid receivers
The nodes deployed were autonomous units comprising of an instrument-housing and a node. The instrumenthousing contains a CPU, A/D, data storage, clock and battery and the node contains 3 orthogonal geophones, a hydrophone and tilt meters. Each unit is deployed and positioned by crane from the support vessel and the node is planted and positioned accurately by the ROV. Careful sensor design and controlled planting with the ROV manipulator arm provides excellent coupling and high vector fidelity; the sensors are placed at the water-seabed interface, well coupled and in a known orientation.
In the first full-scale deployment of the system the accuracy and efficiency of this deployment method were demonstrated. In up to 90 m water depth 128 units were deployed in 48 hours: the average deployment time per node was 22 minutes. All nodes were placed within the 5 m radius specification of their pre-plot positions and the accuracy of the positioning was better than 1.5 m.
The units remained active on the seabed recording continuously for 45 days, during which time the conventional OBC survey was acquired, and then they were recovered. The recovery time for each unit averaged 18 minutes: 128 units were recovered in 35 hours. After recovery each data disk was removed and a backup made to tape. Once the shot times and positions were provided from the conventional OBC contractor, each dataset was then transcribed into discrete shots as common receiver gathers and written to SEGY with shot and receiver geometry. At this stage tilt compensation and horizontal component rotation could be applied.
Processing Sparse Receiver Grid 4C-3D
The IMPREDO data has been analyzed to verify the vector fidelity of the system as tested in the ROKVA project (Woje 2002 .) The responses of the different components show a high degree of vector fidelity giving confidence in the subsequent wide azimuth 3D processing.
full 3D Kirchhoff pre-stack time migration. Hydrophone and vertical geophone summation was applied using the Soubaras technique (Soubaras 1996.) An important aim of the IMPREDO project was to demonstrate that it is possible to process sparse-grid data with existing technology. The data was processed using
Figures 5 and 6 illustrate a typical PP migration velocity analysis: migration velocities are picked using whole line scans, semblance and gathers. Automatic residual moveout was calculated on a dense grid and was applied after geostatistical filtering. 
Conclusions
A viable, cost effective and efficient method to acquire 4C data has been demonstrated with the IMPREDO project. Nodes were deployed with accurate positioning and highquality data were recorded. The vector fidelity predicted by the ROKVA testing was verified in a production environment.
A standard processing sequence of full 3D Kirchhoff prestack time migration has been successfully applied to the PP mode of the IMPREDO data demonstrating that existing techniques are very capable with sparse grid geometries and that wide azimuth datasets are suited to this method. Work is on-going with the PS mode. 
